of the need for "fundamental" tax reform, 6 the current tax incentives for R&D have not been subjected to extensive critical examination. 7 The premises for R&D tax incentives are grounded in a theoretical analysis in which a key variable, new knowledge that leads to innovation and economic growth-"innovative knowledge"-is not well specified or subjected to rigorous scrutiny. Consequently, the definition and scope of the market failure intended to be targeted by tax incentives is poorly defined. Moreover, our understanding of the process of innovation and economic growth and its linkage to innovative knowledge has been evolving. 8 Factors contributing to innovation are now understood to include, in addition to innovative knowledge, firmspecific human capital, organizational processes, and knowledge worker and industrial clustering. 9 These factors affect the ability to achieve welfare spillovers through diffusion of innovative knowledge. 6 White House & U.S. Treasury Dep't, The President's Framework for Business Tax Reform: An Update 4 (2016), https://www.treasury.gov/resource-center/tax-policy/Documents/The-Presidents-Framework-for-Business-Tax-Reform-An-Update-04-04-2016.pdf ("The Framework would expand incentives for research and development and clean energy while also refocusing the manufacturing deduction."). 7 For a sampling of the relevant literature, see Lily Kahng, The Taxation of Intellectual Capital, 66 Fla. L. Rev. 2229, 2267-77 (2014) (proposing reforms of taxation of intellectual capital, including capitalization of costs); Xuan-Thao Nguyen & Jeffrey A. Maine, Equity and Efficiency in Intellectual Property Taxation, 76 Brook. L. Rev. 1, 1-8 (2010) (critically assessing equity and efficiency of tax rules for patents, copyrights, and trademarks). Kahng references an extensive literature on the taxation of intangibles, which is an adjacent but distinct subject from the tax treatment of R&D expenditures. Kahng, supra, at 2232 n.14. 8 See Jason Dedrick & Kenneth L. Kraemer, Who Captures Value from Science-Based Innovation? The Distribution of Benefits from GMR in the Hard Disk Industry, 44 Res. Pol'y 1615, 1615 (2015) (noting that "questions remain about the relationship of R&D to economic performance," including the level of contribution and causality); OECD, Supporting Investment in Knowledge Capital, Growth and Innovation 17 (2013), http:// www.oecd-ilibrary.org/docserver/download/9213021e.pdf ("Today's firms are looking beyond research and development (R&D) to drive innovation. They invest in a wider range of intangible assets, such as data, software, patents, designs, new organisational processes and firm-specific skills. Together these non-physical assets make up knowledge-based capital."); Alessandro Modica & Thomas Neubig, Taxation of Knowledge-Based Capital: Non-R&D Investments, Average Effective Tax Rates, Internal vs. External KBC Development and Tax Limitations 7-11 (OECD, Taxation Working Paper No. 24, 2016), http://www.oecdilibrary.org/docserver/download/5jm2f6sfz244.pdf (discussing non-R&D knowledge-based capital and rationales for related tax incentives, and observing that R&D capital itself accounts for only 30% of knowledge-based capital). For a narrative description of the development and commercialization of the internet, which is an example of the process by which a foundational technology developed and became a critical part of the landscape of markets, see Shane Greenstein, How the Internet Became Commercial: Innovation, Privatization, and the Birth of a New Network (2015) . This book traces the history of how the internet transitioned from a new technology to an important tool for research institutions to a commercial network to the backbone of digital communication. It also illustrates the varied nature of the contributions of public and private institutions and incentives for development by individuals and commercial and non-commercial participants. 9 See, e.g., OECD, note 8, at 7-9; Int'l Monetary Fund, note 1, at 30 ("[I]nnovation. . . is a broader process that refers not only to the creation of new and improved products and [Vol. 69: The mistargeting problem is not limited to tax instruments. The principal nontax legal incentives to promote innovative knowledge, patents, copyrights, and trade secrets, 10 are the subject of an ongoing debate as to whether they advance or frustrate innovation. 11 This Article calls for a re-examination of U.S. R&D tax incentives under a framework that critically examines the scope of tax incentives and how they fit into an overall U.S. R&D and innovation incentive regime that marshals government resources to support economic growth. 12 The framework's objective is to (1) determine whether an R&D tax provision accurately measures income or should be considered a tax incentive/tax expenditure, (2) evaluate whether and the extent to which the tax incentive is necessary to address an identified market failure or other nontax objective, (3) determine whether regulatory or direct expenditure alternatives would be more effective to accomplish the same objective, and (4) if a tax incentive turns out to be the preferred approach, evaluate design alternatives to make the R&D tax incentive more cost effective.
We examine certain tax incentive provisions that relate to businesses' R&D activity: the expensing of certain costs, 13 the allocation of R&D deductions to foreign income, 14 and the R&D tax credit. 15 In processes, but also to organizational change, improved marketing concepts, and new business models (such as e-commerce or the sharing economy)."). 10 See U.S. Const. art. I, § 8, cl. 8; 35 U.S.C. § § 1-390 (2012) (patent laws); 17 U.S.C. § § 101-1332 (2012) (copyright laws); 18 U.S.C. § § 1831-1839 (2012) (criminal laws relating to the protection of trade secrets). 11 See, e.g., Joseph E. Stiglitz, Intellectual Property Rights, the Pool of Knowledge, and Innovation 1 (Nat'l Bureau of Econ. Research, Working Paper No. 20014, 2014) , http:// www.nber.org/papers/w20014.pdf (stating that " [t] he strength and design of IPR [intellectual property rights] affects the extent to which any innovation adds to or subtracts from the pool of ideas that are available to be commercially exploited," and that "stronger intellectual property rights may lead to a lower pace of innovation"). 12 See, e.g., Hansson & Brokelind, note 1, at 73 (analysis of eighteen European countries shows that "R&D incentives have no statistically significant impact on economic growth").
13 IRC § 174. 14 Reg. § 1.861-17. 15 IRC § 41. The credit is named the "research and experimentation" credit to track the same term used in § 174. We use the more colloquial term "research and development." In addition to being easier to understand, it avoids the misleading suggestion that eligible expenditures must involve risky experimentation. To prevent a double tax benefit from the same expenditures, § 280C (c) generally prohibits § 174 deductions for expenses claimed as credits under § 41(a). Under § 280C (c)(3), however, a taxpayer claiming a deduction may elect to also claim a reduced credit. The otherwise allowable credit must be reduced by a percentage equal to the highest corporate tax rate.
This Article does not examine a range of other tax provisions that directly or indirectly relate to R&D or IP, including § 167(f)(1) (depreciation of computer software), § 167(g)(8) (amortization of expenses incurred in connection with certain musical works and copyrights), § 1221(a)(3) (including in the definition of "capital asset" copyrights, literary, musical, or artistic compositions, letters or memoranda, and similar property), § 1221(b)(3) (special rules relating to the sale or exchange of self-created musical works), step one of the framework we conclude that under traditional tax policy metrics, these provisions are more favorable to taxpayers than is consistent with an objective of accurately measuring income. Accordingly, they properly are considered tax expenditures. We also demonstrate how these R&D-specific tax expenditures may be magnified through interaction with another tax expenditure, the deferral of U.S. tax on most active foreign income of controlled foreign corporations. 16 For purposes of this discussion, R&D business tax incentives are assumed at least initially to have as their objective correcting a market failure of under-investment in innovative knowledge predicted by economic theory. 17 This assumption highlights an initial problem: It is difficult to identify research for innovative knowledge that would not be undertaken by companies without the marginal tax incentive. Stated conversely, it is often unclear whether an R&D incentive will cause additional innovation or will simply be wasted on research that would be conducted even without the tax incentive. This second part of the analysis puts a premium on identifying with some precision the R&D subject to market failure (that is, under-investment) that arguably justifies intervention by means of a tax incentive. This is difficult because there is a gap between the articulation of the economic theory, which does not specify (1) what constitutes innovative knowledge, and (2) the identification of R&D activity that aims at innovative knowledge and that would plausibly be conducted by the private sector, but in which there is private sector under-investment because of positive spillovers.
Our analysis considers whether the identified business R&D tax incentive provisions, alone or in combination with other tax expenditure provisions, address private under-investment in innovative knowledge, and whether the tax relief is cost-effective in relation to the revenue loss. Under our current state of knowledge, because of the identification problem described above, we do not have reliable empirical measures of (1) the amount of private under-investment in R&D aimed at innovative knowledge, (2) the welfare loss from such § 1235 (tax treatment of the sale or exchange of patents), § 1249 (tax treatment of the gain from certain sales or exchanges of patents and other IP to foreign corporations), and § 1253 (tax treatment of transfers of franchises, trademarks, and trade names). For a more comprehensive review of tax provisions affecting IP, see generally Nguyen & Maine, note 7.
16 IRC § 951(a); see notes 82-98 and accompanying text. 17 See, e.g., note 106 and accompanying text. It is possible that R&D tax incentives correct other market distortions. For example, the availability of R&D incentives may reduce the propensity for market concentration in sectors with high R&D intensity. We thank Professor David Hasen for this observation. We do not explore such other possible effects in this Article.
[Vol. 69: under-investment, and (3) the effect of R&D tax incentives on economic growth and welfare. 18 We tentatively conclude that a private market failure of under-investment in innovative knowledge has not been sufficiently defined or established to warrant application of the existing R&D tax incentives to address it.
A possible alternative justification for an R&D incentive is to foster economic growth through "innovation," as distinguished from compensating for under-investment in R&D. 19 However, economic theory fails to provide an operational definition of innovative knowledge and it does not explain sufficiently how knowledge leads to innovation that drives economic growth so as to justify innovation incentives directed at R&D. Here, as well, we question whether there is sufficient understanding of the process that leads from research to development to commercialization to economic growth to be able to specify an appropriate (and appropriately narrow) target for government intervention that can be achieved with a cost-effective tax incentive. Indeed, factors distinct from R&D, such as worker training, workplace designs, and firm organizational processes, are now considered to make a commensurate contribution to innovation. 20 In essence, we question whether an innovation incentive's cost effectiveness can be established as superior to the alternative potential public uses of the forgone revenues.
The political desire to be perceived as advancing national economic growth is powerful, as highlighted by proposals for an "innovation box" (that is, a lower rate on income intended to be produced from successful R&D, often also referred to as a "patent box") being aggressively advanced by some in the business community under a ratio-18 This is not to say that there are not estimates in the literature. The IMF reports that "the private rate of return to business R&D-that is, a firm's extra income from a dollar invested in R&D-is quite high, typically ranging between 20 and 30 percent. . . .Domestic social rates of return to private R&D are generally estimated to be two to three times the private return." Int'l Monetary Fund, note 1, at 33-34 (citations and emphasis omitted). These estimates rely on identifying R&D capital, in the first instance, and, under a growth accounting framework, treating the product of R&D as the residual growth factor in production that is not accounted for by the identifiable inputs (such as labor, capital, and intermediate inputs). Bronwyn H. Hall, Jacques Mairesse & Pierre Mohnen, Measuring the Returns to R&D, in 2 Handbook of the Economics of Innovation 1035 (Bronwyn H. Hall & Nathan Rosenberg eds., 2010). This description hints at the measurement challenges that abound and are acknowledged in the literature. See, e.g., id. at 1073. This article's understated conclusion captures the point that there is at least confidence in the sign of the return: "In spite of the revealed complexity of the problem, we have learned something about the rates of return to R&D. They are positive in many countries and usually higher than those to ordinary capital. The adjustment costs are also greater than that to ordinary capital." Id. 19 See, e.g., Rod Falvey, Neil Foster & David Greenaway, Intellectual Property Rights and Economic Growth, 10 Rev. Dev. Econ. 700, 712 (2006) . 20 See, e.g., OECD, note 8, at 17; Modica & Neubig, note 8, at 7-11.
nale that it is necessary to engage in an intercountry tax competition for R&D activity. 21 Our analysis of the innovation box "output" incentive is that it is poorly designed to achieve that end and would be inferior to public-directed research grants or even a tax credit input incentive as a mechanism to retain and attract international human capital talent. 22 It is also inferior to a reduction in tax rates as a taxbased measure to compete for inbound business investment in innovative technologies. The chief attraction of an innovation box is that its adoption would create the appearance of "doing something" to foster growth, but spending scarce revenue to create such an appearance is a poor use of resources.
In evaluating the use of R&D tax incentives to respond to an uncertain amount of private R&D under-investment and uncertain prospects for stimulating economic growth, it is important to also take account of nontax regulatory responses, such as patent and other intellectual property (IP) protections for R&D, and direct expenditure responses, such as public funding by the military, the National Science Foundation (NSF), and the National Institutes of Health (NIH) of R&D activity. All of these approaches are used in the United States, but with insufficient policy coordination and prioritization for the use of resources. 23 In the third step of the framework we use a traditional form of tax expenditure analysis and consider whether the objectives of an R&D tax incentive would be achieved more effectively through a regulatory response or a direct expenditure grant program administered by agencies with the relevant subject matter expertise. [Vol. 69: Lisa Ouellette usefully point out that different instruments can achieve similar objectives by adjusting design features. 24 Following their framework, we argue that weaknesses in specifying the objective for an innovation incentive should bias the choice of instrument away from an open-ended privately set incentive that principally benefits product development and toward an individualized government-set incentive incorporating peer review and a budget constraint that is directed at basic R&D and R&D subject to experimental risk. While the features of peer review and a budget constraint can be incorporated into a tax incentive, it may be more cost-effective to use longestablished grant procedures of independent agencies such as NSF and NIH and public expenditure funding.
A clear recommendation for further analysis is whether R&D tax incentives are cost effective generally or whether, like in Germany, resources should be directed to support human capital development more broadly, including investment in education, and funding for university, nonprofit, and government research (with public disclosure of research results). 25 If R&D tax incentives are to be retained, analysis should be undertaken to determine whether design improvements increase their efficiency. Based on our analysis an initial list of potential improvements should include:
• Narrowing the R&D eligibility for tax benefits to speculative R&D for which private sector knowledge is superior to that held in governments and universities.
• Limiting tax incentives to U.S.-performed R&D.
• Targeting the tax benefit to small-and medium-sized enterprises that otherwise would have difficulty financing risky R&D.
• Using credits instead of deductions, including possibly refundable credits for small-and medium-size enterprises.
II. U.S. INCOME TAXATION OF R&D

A. R&D Expenditure
Classifying activity as R&D is a more difficult question than appears at first blush. The largest component of R&D expenditure is wages and benefits. 26 But whose wages contribute to the creation of innovative knowledge? 27 Is it only the scientist or inventor or re- 24 Hemel & Ouellette, note 23, at 307-09. 25 See, e.g., OECD, Higher Education in Regional and City Development: Berlin, Germany 14 (2010), https://www.oecd.org/edu/imhe/46006840.pdf. 26 See notes 34-35 and accompanying text. 27 The wages to be included in costs eligible for the research credit are a source of dispute, particularly in relation to what constitutes direct supervision or support of qualified searcher? Recent work on innovation would support a broader reach. 28 Is it helpful to think about what income R&D produces? The output from R&D expenditures often is unclear.
The output from R&D arguably is a return to intellectual capital, 29 sometimes manifest in legally protected IP or other property or rights developed as a result of successful R&D activity. But often this return is embedded in income from the sale of non-IP property, goods, or services that incorporate a right to or benefits from an intangible derived from R&D. 30 It also is possible that multiple IP legal regimes protect the same product (for example, a software program may be protected by both a copyright and a patent). 31 Not all successful R&D results in separately identifiable property, and determining whether an expenditure that arguably improves an existing consumer or intermediate product may be classified as R&D (even under the expansive U.S. definition of R&D described below 32 ) is a daunting line-drawing exercise.
A second reason why R&D output is difficult to identify is the time lag between R&D activity and a determination whether it results in a property right, product, or service with a positive return. This time lag can make identification of a return difficult in concept and in practice and bedevils efforts to establish reliable metrics for when R&D is successful. 33 Moreover, an R&D expenditure that initially is "unsuccessful," whether in terms of the research objective or commercially, may nonetheless result in an advance in innovative knowledge. This knowledge may or may not later be used in projects that yield advances in other knowledge, processes, or practical applications and even commercial success.
In addition to the difficulty of assigning R&D income to particular property and the problem of dealing with "unsuccessful" R&D, there research activities. See U.S. Gov't Accountability Off., [Vol. 69: is a third reason why R&D returns are difficult to identify. An R&D expenditure is largely for the cost of labor. Historically, only 10% to 13% of business expenditure for R&D internationally was for plant and equipment. 34 The largest portion of research expenses for the U.S. R&D tax credit is for services (between 65% for the 2012 regular R&D credit and 71% for the alternative credit). 35 It is often assumed that R&D expands knowledge, but we do not know when new knowledge contributes to innovation, nor do we know the mechanism that transforms innovation into economic growth. 36 Even if R&D encompasses all additions to knowledge, and even if R&D overwhelmingly consists of expenditures on labor, it is very difficult to determine when labor should be classified as R&D. For example, is R&D limited to scientists or should it include the workers who support them and those who directly and indirectly supervise? Do they also contribute to the transformation of new knowledge into innovation? 37 In short, designing an R&D tax incentive that is broad enough to encompass all input expenditures that contribute to innovative knowledge but that avoids the wastefulness of overbreadth is a daunting problem. This demands the disaggregation of R&D expenses into relevant subcategories of basic, experimental, and applied research that also satisfy standards of novelty and experimental risk. This is very difficult to accomplish, particularly with respect to R&D that relates to intangibles embedded in intermediate goods and processes. . 36 See the discussion of innovation in the text accompanying notes 133-35. 37 See, e.g., Gov't Accountability Off., note 27, at 28-29. 38 See Hansson & Brokelind, note 1 at 186 ("The reason for stimulating R&D is that too little R&D is produced by private enterprises because their private return is lower than the social return. . . .Ideally, the incentive should bridge this gap. . . .Unfortunately, it is hard, if not impossible, to evaluate the effect an incentive has on the gap between social and private returns."); see also Harry Grubert & Rosanne Altshuler, Fixing the System: An Analysis of Alternative Proposals for the Reform of International Tax, 66 Nat'l Tax J. 671, 706 (2013) (generally describing the difficulties of disaggregation that are presented by intangibles); see also Lawrence Lokken, The Sources of Income from International Uses and When U.S. policymakers talk about increasing innovation they often are talking about granting tax incentives. 39 The benefit of R&D incentives is a lower effective tax rate, at least for taxpayers that can take advantage of the tax benefit. It is impossible, however, to make a precise determination of whether the lower tax rate is confined to income that in fact derives directly or indirectly from R&D inputs, because little effort is made to limit the R&D incentives to R&D-originated returns (even assuming that such returns can be identified). It is difficult to closely identify the relationship between an input R&D tax benefit, such as the § 174 deduction or the §41 research credit, and the income ultimately attributable to the expenditure that receives the benefit. It also is especially problematic to design a benefit that targets effectively income that is an output of R&D, such as required for a patent or innovation box. 40 In sum, it often is difficult to actually identify which expenditures are for "R&D" (however defined), and what portion of an economic return is attributable to R&D as distinct from other inputs. Nevertheless, patent box proposals routinely rely on favorable treatment of a residual return, after returns to all other factors, as a proxy for income attributable to intangibles. 41 This amounts to a de facto tax rate cut for all benefitted firms with excess returns regardless of the extent to which the returns result from R&D.
To date, the United States has largely limited its explicit R&D tax incentives to incentives for expenditures on R&D inputs. As described below, 42 however, the interaction of intangible development with deferral under the U.S. international tax system is similar in effect to an output incentive that, while not targeted at intangible income, may disproportionately benefit intangible income. This deferral-linked incentive is, however, even less targeted at innovative knowledge than an innovation box. 39 White House, note 6, at 21; Kat Lucero, Lawmaker Continues Push for U.S. Innovation Box Proposal, 82 Tax Notes Int'l 770 (May 23, 2016) (Representative Boustany continues to press for lower taxes on profits tied to U.S. patents and intellectual property through innovation box proposal). 40 The scope of the income benefitted in patent box regimes testifies to the problem. See generally Danon, note 22, at 37-42. Some parts of the U.S. business community have promoted proposals for a lower tax rate for patent box (or innovation box) income. See, e.g., Merrill et al., note 21, at 1665-66. 41 See id. at 1671. 42 See Subsection II.C.1.
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B. U.S. R&D Tax Incentives
Deduction for R&D expenditures
Generally, for U.S. tax purposes, business expenditures associated with creating or improving an asset with a useful life that extends beyond a year are capitalized and taken into account under the depreciation or amortization rules. 43 45 Alternatively, taxpayers may use a so-called deferred expense method to capitalize and recover ratably over sixty months or longer research expenditures incurred in a trade or business that (1) are chargeable to a capital account (but not for depreciable property or property subject to depletion), and (2) do not give rise to property that has a determinable useful life. 46 Under the deferred expense method, amortization begins in "the month in which the taxpayer first realizes benefits from the expenditures." 47 In addition, § 59(e) allows taxpayers to elect to amortize their research expenditures over a period of ten years. 48 This election can be more favorable than the deferred expense method under § 174(b) for taxpayers who want to extend the period of recovery. This is so because the § 59(e) recovery period, which begins when the expenditures are incurred rather than when the benefits of the expenditure are first obtained, is ten years rather than five years. 49 The expenditures covered by § 174 include R&D costs incurred by the taxpayer directly and by a service provider performing R&D on behalf of the taxpayer. 50 R&D expenditures may be deducted only to the extent that the amount is reasonable under the circumstances. 51 To the extent an R&D expenditure is allowed as a deduction in advance of when it otherwise could be taken into account under normal tax accounting capitalization standards, it is classified as a tax expenditure. 52 The Joint Committee estimate of the tax expenditure amount from § 174 is $28.3 billion over the five-year period of fiscal years 2015 through 2019. 53 The § 174 term "research or experimental expenditures" is generally defined in the regulations to mean expenditures that represent research and development costs in the experimental or laboratory sense. 54 This often-quoted language potentially misleads regarding the scope of expenditures that come within the § 174 expensing rule. The regulations provide: "Expenditures represent research and development costs in the experimental or laboratory sense if they are for activities intended to discover information that would eliminate uncertainty concerning the development or improvement of a product." 55 Another signal feature of the § 174 expensing rule is that it is not limited to R&D performed in the United States. Accordingly, R&D performed through a foreign branch or by a foreign service provider is eligible for expensing.
To accommodate pressures along various margins from industry, Treasury and the IRS have indirectly expanded the definition of R&D. As one example cited by commentators, changes to the regulations' application of the "uncertainty" test were promulgated so that otherwise increase a foreign tax credit limitation as a result of a reduced allocation of R&D to foreign income. 50 Reg. § 1.174-2(a)(10). . 53 See id. at 29 tbl.1. The Joint Committee estimate of the amount of a tax expenditure is a static estimate of tax that would be paid if the provision were not in place and the taxpayer used the best available alternative tax treatment of the item. Id. at 18. Treasury also treats R&D expensing as a tax expenditure. See Off. Mgmt. & Budget, Analytical Perspectives Fiscal Year 2017, at 228 tbl.14-1, https://www.whitehouse.gov/sites/default/ files/omb/budget/fy2017/assets/spec.pdf. The Treasury estimate for the ten-year budget period of 2015-2024 is $73.41 billion. Id. The Treasury approach differs from that of the Joint Committee in that it assumes that no alternative tax expenditure is available to benefit the item. See Joint Committee, supra, at 18-19. In either case, the tax expenditure estimate is not the same as a revenue estimate in that it does not take into account behavioral responses. Id. at 13; Off. Mgmt. & Budget, supra, at 226. 54 Reg. § 1.174-2(a)(1). 55 Id.
[Vol. 69: knowledge that a product development project would be successful would not prevent product design from qualifying as research. 56 This expanded permissible deductions under § 174, but it is unclear whether it has reduced the uncertainty arising from boundary issues (in fact, one could plausibly argue that it makes the boundary issues even murkier). 57 More important for our discussion, this approach takes the concept of R&D far away from the reach of any likely market failure of under-investment in R&D, thus undercutting that economic rationale for the § 174 deduction.
Credit for Increasing Research Activities
The United States enhances the treatment of R&D expenses for those who choose to forgo the § 174 deduction and claim a 20% R&D tax credit that attempts to target "incremental" R&D. 58 The definition of R&D expense for the credit is the same as that for § 174 expensing, with three additional requirements: (1) The research must be for discovering information that is technological in nature and intended to be useful in the development of a new or improved business component of the taxpayer; (2) substantially all of the research activity must constitute a process of experimentation; and (3) the experimentation must relate to a permitted purpose. 59 There are various exclusions, including for research relating to style or taste, 60 performed after commercial production (but of a particular product), 61 and to adapt a product for a particular customer. 62 The "traditional" R&D tax credit is 20% of "qualified research expenses" above a base amount. 63 The base amount is calculated by multiplying the taxpayer's average gross receipts for the four prior 56 years by a "fixed-base percentage." 64 The base amount, however, cannot be less than 50% of the taxpayer's qualified research expenses for the taxable year. 65 The fixed base percentage is the ratio of research expenses to gross receipts for the years 1984 through 1988, 66 for taxpayers in existence at the time.
A somewhat different calculation applies to payments for "basic research" made to a qualified research organization. 67 The credit is 20% of basic research payments above a base amount that is calculated separately in respect of payments to qualified research organizations. These payments generally are payments that would be deductible as charitable deductions and are made to, generally, universities and certain tax-exempt research organizations. "Basic research" is defined as "any original investigation for the advancement of scientific knowledge not having a specific commercial objective." 68 An alternative simplified R&D tax credit is 14% of qualified research expenses above a base equal to 50% of the average qualified research expenses for the prior three taxable years. 69 The effect of having the credit determined on a moving average base of R&D expenditure is that additional R&D expense in the current year decreases the benefit of the credit in future years. The effective rate of the tax benefit therefore is less than the nominal rate. 70 Once used, the alternative simplified credit applies to all succeeding years unless the taxpayer obtains IRS consent for a change. 71 Qualified research expenses include both in-house research expenses and contract research expenses. 72 Generally only 65% of payments for qualified research by the taxpayer to an outside person are [Vol. 69: included as contract research expenses. 73 To qualify for the credit, the R&D activity must be performed in the United States. 74 The R&D tax credit is a part of the general business credit, 75 and does not reduce the AMT liability of corporations or individuals. 76 The credit is overwhelmingly claimed by firms with assets of $50 million or more. 77 The R&D credit was temporary for many years, 78 but was made permanent at the end of 2015, eliminating the sunset date. 79 The most important reason the R&D credit had been temporary was the revenue cost of making the credit permanent. It was perennially on the list of tax extenders and each time was extended, though in some years substantially after the date the credit expired. 80 Businesses regularly criticized the temporary nature of the credit on the ground that the uncertainty hindered their business planning. 81 73 IRC § 41(b)(3)(A). As defined in § 41(b)(2), "in-house" research consists of wages paid to an employee engaging in qualified research or engaging in the direct supervision or direct support of qualified research activities; amounts paid for supplies, including tangible property other than land or depreciable property, used in the conduct of qualified research; and generally amounts paid to another person for the right to use computers in the conduct of qualified research. Under § 41(b)(3), "contract research" generally consists of 65% of amounts paid to any nonemployee for qualified research. The limit increases to 100% for payments to eligible small businesses, universities, and federal laboratories for qualified energy research. 74 . One consequence of retroactive extensions of the effective date was that businesses' year-end and quarterly financial statements issued during periods that the credit had expired could not reflect the value of the credit as a tax benefit for the period during which the credit was not in effect. When the credit was retroactively reinstated, as has been the practice several times in recent years including 2015, subsequent financial statements took account of the tax benefit for those earlier periods. 81 See, e.g., Rashkin, note 1, at 1069.
C. Interaction with International Tax Rules
To fully evaluate the existing system of U.S. R&D incentives, it is necessary to examine how those incentives interact with the U.S. international income tax regime.
Deferral and Transfer Pricing
A U.S. corporation generally is not taxed currently on the earnings and profits (E&P) of a controlled foreign corporation (CFC) in an active business until the CFC distributes cash or other property to it (or it sells the stock of the CFC). 82 This is referred to as the deferral privilege.
U.S. firms with multinational businesses in recent decades have employed strategies to enhance deferral by shifting to foreign affiliates in low-tax jurisdictions intangible property that often will have benefitted from R&D incentives. The tax objective is to justify income allocations to low-taxed CFCs that maximize the benefit of deferral of foreign income from current U.S. income taxation. 83 82 IRC § 301(c). A CFC is a foreign corporation the stock of which is more than 50% owned, by vote or value, directly, indirectly, or by attribution, by one or more "United States shareholders." IRC § 957(a). A "United States shareholder" is a U.S. person that owns, directly, indirectly, or by attribution, 10% or more of the voting power of the foreign corporation's stock. IRC § 951(b).
A CFC is subject to foreign base company income rules under subpart F that can cause certain earnings to be included currently in income of a U.S. shareholder, but those rules are largely inapplicable or avoidable in relation to active business income. See IRC § § 951-965. Section 956, however, provides an exception to the general rule of deferral. Under that provision, the amount of a CFC's untaxed foreign earnings that is considered to be invested in certain "United States property," including certain U.S. intangible property, is treated as though it was distributed to the CFC's U.S. parent company and included in its income. See IRC § 956(a). In this Article, "U.S. parent" or "U.S. affiliate" refers to a "United States shareholder" as defined in § 951(b) in relation to the CFC. Under § 951(a)(1)(B), a U.S. shareholder of a CFC must include in income its allocable portion of previously untaxed earnings attributable to investments made or deemed made "directly or indirectly" by the CFC in U.S. property. The amount of the investment in U.S. property is the average quarterly balance of the CFC's adjusted tax basis in U.S. property, reduced by any liability to which the property is subject. See IRC § § 951, 956, 959. 83 The incentive for public companies to pursue this income-shifting strategy is enhanced by the financial accounting standards. Those standards include the affiliated corporate group's consolidated worldwide sales and income in earnings, but permit a U.S. parent company to not take into account the residual U.S. tax on foreign earnings of a foreign affiliate if the U.S. parent company intends to indefinitely reinvest the earnings outside the United States in a manner that will not result in residual U.S. taxation. Under Accounting Principles Board Opinion No. 23 (APB 23), a company is permitted to defer recording income tax expense on foreign E&P if "sufficient evidence shows that the subsidiary has invested or will invest the undistributed earnings indefinitely." Accounting Principles Board Opinion No. 23 (codified as FASB Accounting Standards Codification (ASC) 740-30-25-17). Under this provision, the U.S. parent company must provide evidence of "specific plans of reinvestment of undistributed earnings of a subsidiary which demonstrate that remittance of the earnings will be postponed indefinitely." Id. This accounting treatment [Vol. 69:
A well-publicized example is Apple Inc., which shifted substantial amounts of earnings to a nonresident Irish affiliate that apparently paid an effective foreign rate of less than 2% on these earnings. 84 Apple relied on a cost-sharing agreement between the parent company and one or more nonresident Irish subsidiaries and a very limited allocation of profit to Irish branches as approved by the Irish Revenue. 85 Under cost sharing, generally, an affiliate that shares the research costs (and risks) commensurate with the benefits it expects to receive from the research may be treated as owning an undivided interest in the R&D rights produced under the arrangement.
Apple's income shifting related to IP in which its nonresident Irish affiliates claimed to possess rights under the cost-sharing agreement. 86 The scale of the amounts shifted reflects Apple's size and profitability, though the amounts are substantial on a relative basis as well. Apple, however, is merely one prominent example of such income shifting. Aggregate data shows that income shifting is practiced by numerous multinational firms in connection with deferral. 87 In addition to the revenue concern that income that should be in the U.S. tax base is being shifted abroad, the reduced level of effective tax on that income also increases the incentive to shift real economic activity and factors of production, in addition to profits, abroad.
While deferral is not normally thought of as an R&D tax expenditure, 88 recent work at the Organisation for Economic Cooperation and Development (OECD) and by scholars supports examining the often is the largest contributor to a lower "book" tax rate than the U.S. federal statutory rate of 35% (plus relevant state rates) for U.S. multinational companies. See, e.g., Pfizer Corporation, FY 2015 Form 10-K, at 90 (2016), https://www.sec.gov/Archives/edgar/data/ 78003/000007800316000077/pfe-12312015x10kshell.htm (largest reduction from federal rate in rate reconciliation table is for "Taxation of non-U.S. operations"). 84 45 .9% of earnings of U.S. multinationals' controlled foreign subsidiaries that reported positive income and some foreign tax were taxed at a foreign effective rate of less than 10%. Grubert & Altshuler, note 38, at 699 tbl.3. Less than one quarter of these foreign subsidiaries' income was taxed at an effective foreign rate of 30% or more, and 53.9% of these foreign subsidiaries' income was taxed at a foreign effective rate of 15% or less. Id. 88 Both Treasury and the Joint Committee Deferral classify deferral as a tax expenditure. See Joint Committee, note 52, at 29 tbl.1; Off. Mgmt. & Budget, note 53, at 228 tbl.14-1. For a comprehensive discussion of why deferral should be classified as a tax expenditure and a cost-benefit analysis of deferral as a tax subsidy, see Fleming & Peroni, note 3, at 528-41.
full array of R&D incentives on an integrated basis that takes into account all of the effects of the tax system, including the international tax rules, of which deferral is an important component. 89 The interaction of U.S. international tax rules with R&D tax incentives is complicated. The § 174 deduction is allowed for qualifying R&D wherever performed. The § 41 tax credit is allowed only for domestic R&D. 90 Successful domestic R&D, however, may give rise to an IP right, such as a patent, that can be registered separately in jurisdictions around the world and thereby give rise to both domestic and foreign IP rights and income. It has been commonplace to transfer foreign IP rights to a low-taxed CFC, by license, cost sharing, or otherwise, and for the CFC to earn low-taxed foreign income. This strategy works under current law even if the foreign IP right derives from R&D that has benefitted from a U.S. tax incentive.
As noted above, taxpayers also have shifted U.S. IP rights to CFCs in low-tax jurisdictions through licenses or cost sharing. As one example, the Staff of the Senate Permanent Subcommittee on Investigations found that Microsoft transferred rights to software developed in the United States to a CFC operating in Puerto Rico, so that digital and physical copies could be made for sale to customers in the United States with the sales profits being taxed only in Puerto Rico. 91 In fiscal year 2011, Microsoft's Puerto Rican subsidiary booked over $4 billion of operating income for financial statement purposes and paid under 1% in tax (after paying $1.9 billion in cost-sharing payments). 92 Although income shifted to a low-taxed CFC with respect to a foreign IP right is likely to derive at least in part from the foreign jurisdiction under the laws of which the IP right is enforced. However, this does not mean that the income is not also earned in part in the United 89 See OECD, note 8, at 128 ("A key message is that international tax policies and crossborder tax planning should be taken into account when measuring the tax burden on R&D . . ., and in assessing the design and behavioral effects of R&D tax incentives."); Noam Noked, Integrated Tax Policy Approach to Designing Research & Development Tax Benefits, 34 Va. Tax Rev. 109, 112 (2013) (concluding that the availability of income shifting may mitigate investment disincentives under the current income tax system and changes to the ability to shift IP income may change incentives to invest in domestic R&D). 90 See note 74 and accompanying text. Domestic R&D that is offset by a cost-sharing payment under a cost-sharing agreement nonetheless qualifies for the R&D tax credit. [Vol. 69:
States if the R&D activity underlying the foreign IP right was performed in the United States. In the case of U.S. intangibles, as a tax planning matter, it is important that the U.S. rights that are within the scope of the U.S. antideferral rules for investments in U.S. property have a zero basis. Otherwise, the holding of the intangible asset will trigger an inclusion of untaxed E&P in a U.S. shareholder's income under § 956. 93 There is a longstanding debate over whether trademarks and socalled market intangibles are covered by the § 956 rules because of the contrast between the § 956(c)(1)(D) and the § 936(h)(3)(B) definitions of an intangible. 94 There are other respects in which U.S. taxpayers may take positions that allow CFCs to hold U.S. intangible assets without running afoul of the § 956 rules that carry varying degrees of risk. 95 The bottom line is that it is feasible and indeed common to achieve very low rates of tax on income earned by a CFC using IP rights that benefited from U.S. tax incentives for R&D. The combination of these low rates and deferral has the effect of lowering the after-tax cost of the R&D input.
The deferral tax expenditure is a general output incentive directed at business conducted outside the United States. It is not designed as a domestic R&D incentive. 96 Nonetheless, while not targeted at the externalities that presumably are the object of the input R&D incentives, deferral does disproportionately benefit R&D-intensive indus- 93 See IRC § 956(a), (c)(1)(D). The amount of U.S. property is measured with reference to asset basis rather than fair market value. IRC § 956(a). For this reason, taxpayers' cost sharing with respect to U.S. intangibles is usually designed to be for self-developed intangibles so that the § 174 deduction can be used to avoid capitalization of development costs and the resulting basis in a U.S. asset. If the cost sharing covers a purchased U.S. intangible, the § 956 rules will be triggered because the foreign affiliate will be considered to jointly own an asset that has a positive U.S. tax basis. Many taxpayers do not focus on this issue and the authors are not aware that the issue has ever been audited. As one example of a potentially dangerous foot fault, a company that has a cost-sharing arrangement covering U.S. intangible rights should not make a § 59 election to amortize R&D expenditures that are covered by the cost-sharing election if the basis would be considered in a U.S. intangible. 94 See, e. tries, such as the pharmaceutical and information technology industries, that have substantial intangible property that can be "moved" offshore by transfer or license. Deferral also disproportionately benefits the largest-sized firms (such as those with over $50 million in assets) that also are the largest beneficiaries of the R&D tax credit. 97 The tax treatment of intangible property is the link between the R&D input subsidies and the deferral of U.S. income tax on foreign business income. For example, if R&D expenditures were capitalized, instead of currently deducted, U.S. intangibles would have a positive tax basis and the § 956 anti-deferral "investment in U.S. property" rules would apply to restrict this element of income stripping. 98 
Apportionment of R&D Expenses to Foreign Income
A U.S. taxpayer that earns foreign income from international operations and that has currently deductible § 174 R&D expense must allocate and apportion the expense between foreign-source and U.S.-source income for purposes of the foreign tax credit limitation. 99 For a taxpayer in an excess-credit position, the reduction of foreign income by the allocated R&D deduction has the effect of denying for that year a foreign tax credit against U.S. tax on that amount of income. Accordingly, taxpayers that need a greater foreign tax credit limitation (that is, they are in an excess-credit position) prefer to allocate as little R&D expense as possible to foreign income. The allocation rules are very taxpayer-favorable in this regard and in a range of cases under-allocate R&D to foreign income.
The taxpayer-favorable R&D expense allocation and apportionment rules are treated as a tax expenditure by the Joint Committee but not by Treasury. The JCT tax expenditure estimate is relatively small at approximately $200 million of revenue loss annually. 100 There is little empirical evidence on the effect of the taxpayerfavorable rules for allocating R&D deductions away from foreign income. The most recent Treasury study of R&D expense allocation rules, which accompanied adoption of final regulations in 1995, does 97 See Joint Committee, note 2, at 115 tbl.31. 98 Under current law, capitalization would not cause the § 956 inclusion rules to apply to foreign intangible rights, including those derived in whole or in part from R&D performed in the United States. 99 See IRC § § 174, 864(f); Reg. § 1.861-17. The rules for allocating and apportioning R&D expense are described in Am. Bar Ass'n Tax Sec. Task Force on Int'l Tax Reform, Report of the Task Force on International Tax Reform, 59 Tax Law. 649, 767-71 (2006) . 100 Joint Committee, note 52, at 28 tbl.1.
not address the effects of the allocation on R&D investment. 101 We are skeptical that the R&D deduction allocation rules are a cost-effective R&D incentive since, like § 174, they are not targeted at R&D in which there is under-investment. An effective disallowance of domestic deductions for foreign-allocated R&D expense would increase the after-tax cost of performing R&D. It is unclear how much it would affect the amount of R&D investment in the United States. A claim that would raise a serious concern, if true, is that the additional after-tax cost of R&D resulting from disallowance of deductions for R&D outlays would trigger a relocation of U.S. knowledge personnel abroad or a preference for foreign over U.S. researchers. The impact of increasing the tax cost of R&D by allocating R&D expense to foreign income on the location of R&D, however, is an empirical question that is as yet unanswered. 102 The risk of other countries attracting R&D personnel or assets is a part of a larger issue, which is the extent to which the United States should respond to international competition for R&D investment, such as that presented by patent or innovation boxes. 103 But before turning to the possibility of new R&D incentives, it is critical to observe that, as demonstrated in the preceding discussion, the United States already provides substantial incentives for R&D in the form of the § 174 deduction, the § 41 credit, the deferral privilege, and taxpayer-generous R&D expense allocation rules. 104 Importantly, the targeting of these incentives is weak and the evidence that they are cost-effective is sparse.
III. WHY SUBSIDIZE RESEARCH AND DEVELOPMENT?
A. Market Failure-Under-investment in R&D
Legal discussions of R&D tax incentives generally rely on two premises from the economic literature. The first is the importance of technological innovations to economic growth. 105 R&D that leads to innovative knowledge is under-produced in the absence of government support. 106 R&D is under-produced because absent government intervention, the knowledge produced by R&D can be used by other firms (which would increase social welfare), but firms cannot capture the full returns from their investment in the R&D (which would discourage private investment). 107 Positive spillovers from (successful) R&D include rent spillovers and knowledge spillovers. 108 These spillovers can lead to improved labor productivity and higher wage jobs, which are believed to occur primarily in proximity to where the R&D is conducted. 109 For these reasons, countries compete to attract R&D activity within their borders. Some, but not all, countries rely on R&D tax incentives. 110 The current vogue among tax havens and, more recently, some larger economies, is to use patent boxes to benefit R&D returns to IP. 111 Longstanding U.S. input R&D tax incentives are deductibility for R&D and/or an R&D tax credit. To date, the United States has not adopted an explicit output incentive, such as a patent or innovation box, though, as discussed above, U.S. international tax rules have much of the effect of an output incentive by reducing the effective tax rate on deferred earnings attributable to intangibles resulting from U.S. R&D activity. In any event, the same principles should apply for evaluating an output R&D incentive as for an input R&D incentive. 108 Hall et al., note 18, at 1965 (Rent spillovers occur "when a firm or consumer purchases R&D-incorporated goods or services at prices that do not reflect their user value, because of imperfect price discrimination due to asymmetric information and transaction costs, imperfect appropriability and imitation, or mismeasurement of the true value of the transaction due to the lack of hedonic prices." Knowledge spillovers occur when an R&D project produces knowledge that can be useful to another firm in doing its own research because of the inability to prevent knowledge from benefitting a competitor.). 109 See Graetz & Doud, note 102, at 361-62 (summarizing the economic literature on the effect of increased R&D on productivity and employment, and noting that the greatest effect of such spillovers are in nearby, rather than distant, locations). 110 There are studies that suggest that the social returns to R&D are greater, and in some studies much greater, than private returns. 112 There is, however, little clarity about how to identify and test social benefits from specific R&D. 113 Assuming for the sake of discussion that the differences between social returns and private returns justify governmental support for private (for-profit) investment in R&D, 114 it is necessary to identify which R&D should be the target for intervention. It is implausible that the gap between social and private returns is uniform for all R&D. If there are differences, they should be taken into account, if possible, in designing R&D incentives.
The first step is to specify what we mean by R&D and then to differentiate among different kinds of R&D to assess the likelihood that the social return exceeds the private return. The scope of R&D expenditures covered in § 174, described above, 115 may be compared with the definition used from the OECD's Frascati Manual, which is the internationally accepted standard practice for classifying expenditures in measuring research and experimental development: The manual goes on to distinguish among basic research, applied research, and experimental development, 117 as well as to describe the boundaries between R&D activity and non-R&D activity in adjacent areas. 118 The essential difference between the § 174 definition for qualifying R&D 119 and that used by most countries appears to be the degree of novelty and risk that is necessary to qualify for an incentive. 120 The lack of emphasis on novelty and experimental risk for the U.S. R&D incentives as they are applied means that the incentive extends to activity that is less likely to involve a market failure of under-investment. Indeed, the more open-ended nature of the U.S. definition of R&D expenditure has induced accounting firms to offer "R&D studies" that amount to little more than inefficient expense characterization exercises for expenditures that already have been made. 121
117 The three categories are described as follows:
Basic research is experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundation of phenomena and observable facts, without any particular application or use in view. Applied research is also original investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards a specific practical aim or objective. Experimental development is systematic work, drawing on existing knowledge gained from research and/or practical experience, which is directed to producing new materials, products or devices, to installing new processes, systems and services, or to improving substantially those already produced or installed." Id. at 30. 118 See id. at 30-33. 119 See notes 54-55 and accompanying text. 120 There are other definitional differences that are significant but not as central to our inquiry. One area for future work could be a systematic review of the differences between the definitions used for different purposes in the United States, in the OECD's Frascati Manual, and in other countries' R&D tax incentives. See European Commission, note 110, at 59 (description of novelty requirements used by countries for R&D incentives). As one example, the U.K. test for R&D tax relief requires that the activity be directed at an advance in science or technology through the resolution of scientific or technological uncertainties. HM Revenue & Customs, Corporation Tax: Research and Development tax relief (last updated 15 Apr. 2016), https://www.gov.uk/guidance/corporation-tax-research-anddevelopment-rd-relief. The economic literature describes these differences at a very high level and generally does not measure effects of differences in novelty required. See, e.g., Int'l Monetary Fund, note 1, at 30 ("The role of innovation in driving growth is difficult to analyze because of conceptual and data limitations. Most empirical work concentrates on the process of technological change, for which quantitative indicators are available, both as inputs (such as R&D investment and the number of researchers) and outputs (such as the number of patents and publications."). R&D investment is based on business enterprise R&D, the standards for which may vary according to whether the data source is GAAP reporting or a Frascati-based methodology. See FASB Accounting Standards Codification Topic 730, Research and Development; OECD, Frascati Manual, note 116. 121 The PricewaterhouseCoopers (PwC) website advertises the Tax Products Delivery Group's R&D credit services: "Stemming from our federal and state research tax credit law and examination experience, we have developed a flexible, customizable technology solution designed to build upon your existing technologies. Our unique web-based solu-[Vol. 69: Once the scope of what is meant as R&D is identified, the task then is to determine the R&D for which the social return exceeds the private return. It is customary to differentiate between basic R&D and development R&D, though the exact line may be unclear. 122 Basic R&D is generally thought to refer to work to acquire new knowledge of phenomena and observable facts without a particular or identified application or use as the objective. Development R&D is directed at drawing on existing knowledge to produce new materials, products, devices, processes, systems, or services. One would expect that basic R&D is riskier in terms of eventually generating a financial return.
Thus, it is not surprising that basic R&D is much more heavily the province of public expenditure than private R&D investment. 123 Public expenditure on basic R&D is directed primarily to government and academic institutions, including the military, universities, and mostly nonprofit private research institutions. This may be because the subsidy that would be necessary to induce basic research by private firms would have to be substantial and would not be justified if the greater knowledge were monopolized by the private-sector participants. 124 Moreover, as opposed to an open-ended tax credit for private parties, there are established procedures for government R&D grants through the NSF and the NIH to utilize both government and university expertise and to include a peer review process to screen proposals for qualtion utilizes Microsoft SharePoint and is designed to minimize disruption to your business by incorporating data from existing payroll and ERP systems. Our team will review your current R&D tax credit methodology and existing technologies to identify opportunities to further leverage our team and technology." PricewaterhouseCoopers, Research and Development Credits Services, http://www.pwc.com/us/en/tax-products-delivery-group/research-development-credit.html (last visited Apr. 4, 2016). PwC is not unique among the Big Four accounting firms in providing these services.
A practitioner recently told one of the authors the following story about settling a claim for additional R&D credit on appeal:
Appeals 124 The fact that the take-up of the university basic research credit is trivial in size supports this contention. See data cited in note 67. ity. 125 In light of the more speculative returns from basic R&D, these protections seem quite sensible. 126 While there may be a social return from both basic R&D and development R&D, the gap between social and private return likely is materially smaller for development R&D. Presumably the pay-off period for successful basic R&D is much longer than for development R&D and, when combined with the additional risk of failure and knowledge spillover, would require materially higher returns to justify private investment. One policy inference may be that it would be a mistake to cannibalize public expenditure on R&D, and particularly basic R&D, to incentivize private investment in development R&D. Public and private R&D investments may overlap in important ways, but they likely are more complements than substitutes for each other. 127 Within the scope of development R&D, the more experimental the research or development work is, the greater the risk of failure and the likelihood of under-investment. Establishing this differentiation is difficult in practice. As an indirect piece of evidence, a nonspecialist would tend to assume that a patented invention or matter likely would be the product of new knowledge having a relatively high social return, because of the requirement of nonobviousness to a person having ordinary skill in the subject for a patent to issue. 128 Yet, based on somewhat dated data, almost half of litigated patent infringement cases are lost for lack of validity, and the most frequent statutory basis for the invalidity of the patent is that the patented invention is obvious. 129 After changes in patent law review procedures, the Patent Trial and Review Board's invalidation percentage increased in 2015 to 125 The Hemel and Ouellette framework highlights that it is possible to include design features associated with a grant in a tax credit and vice versa. Hemel & Ouellette, note 23, at 307. Nonetheless, much of the administrative efficiency of relying on taxation self-reporting is lost if the tax relief is conditioned on a government approval process. In the case of basic research, there would seem to be little advantage to reliance on a tax credit and there would be the disadvantages of not having the annual oversight and review of outlay expenditures. 126 Reliance on the government for decisionmaking, however, raises the specter of inefficient rent seeking by lobbyists. Moreover, there may be a difference in the level of takeup of subsidies awarded by grant. See European Commission, note 110, at 39-40 (describing economic literature on direct subsidies as ambiguous as to effectiveness). 127 The evidence on this point is ambiguous but points to complementarity. [Vol. 69: an astonishing 75% (compared to 31% in Europe). 130 Even taking into account that these data pertain to challenged patents, this suggests that much of the R&D that leads to patents may be development R&D with comparatively low social returns.
The difficulty of identifying socially useful development R&D may be claimed as a reason why the government should leave it to the private market to identify R&D to be supported with a tax incentive. 131 However, it is difficult to identify which R&D gives rise to knowledge or inventions that are not obvious (or at least satisfies the nonobviousness standard for patents). To this extent, an incentive may be misdirected at investments whose social benefits do not exceed the private return and encourage excessive investment in an activity as well as lose revenue that must be made up in other ways.
As noted above, the condition for deduction under § 174 and for the R&D tax credit is simply that the expenditure be for a new development. 132 The uncertainty requirement has been watered down and there is no meaningful requirement that the activity be directed at resolution of scientific or technological uncertainties. Serious consideration should be given to revisiting the definition of R&D that qualifies for a tax benefit to increase the likelihood that the tax benefit applies to R&D whose social value exceeds the private benefit (that is, R&D that would not be carried on without the tax benefit).
Supporting Innovation
Work at the OECD and by students of innovation has shown that traditional concepts of knowledge leading to technological change and economic growth have been too narrow and must be broadened to include other elements of knowledge-based capital. 133 This may raise a question whether R&D tax incentives are aimed at the right target because the OECD's work emphasizes that growth based on innovation does not tie only to R&D in the traditional sense: . 132 See notes 44, 54, and 59, and accompanying text. Research qualifies for the R&D tax credit if it is undertaken for the purpose of discovering information that is technological in nature, is intended to be useful in the development of a new or improved business component of the taxpayer, and constitutes elements of a process of experimentation for a purpose that relates to a new or improved function, performance, or reliability or quality. IRC § 41(d). 133 See OECD, note 8, at 3; Modica & Neubig, note 8, at 7-11 (non-R&D knowledgebased capital investment is important source of labor productivity and economic growth).
While this programme of work has numerous intellectual antecedents, its immediate inspiration was a finding highlighted in the OECD's Innovation Strategy, published in 2010, that many innovating firms do not invest in R&D. Instead, their innovation efforts are driven by investments in a broader range of intangibles assets, from software and large data sets to designs, firm-specific human capital and new organisational processes. These intangible assets are referred to . . . as knowledge-based capital. 134 This understanding of innovation strategies, with its heavy emphasis on human creativity and its wide-ranging outputs, points to supporting the public investment in broadly-defined human capital and in the legal and physical infrastructure on which the private sector relies, instead of attempting to target a weakly specified market failure with expanded R&D tax measures. Moreover, if social returns to R&D are correctly understood to be a residual, it highlights the dubious basis for attributing causality of those returns solely to narrowly-defined R&D. Thus, the analysis of knowledge-based capital's role in innovation suggests that restrictive targeting of an incentive may not be justified. As described in the next Section, there also is evidence that small-and medium-size businesses, and newer businesses, respond more than large businesses to R&D incentives. Accordingly, if one wants to use tax policy to encourage innovation, it may well be that lower tax rates targeted at newer businesses will be more effective than a narrower and poorly targeted R&D incentive. 135 
Whose R&D Should Benefit?
Determining who should receive R&D tax incentives is not an easy matter. For example, consider the import of availability of financing. 134 OECD, note 8, at 3; see also Modica & Neubig, note 8, at 7-9 (non-R&D knowledgebased capital intangible assets estimated to be 70% of total such capital stock and in some cases contribute more to productivity than R&D). The finding that innovation may not be solely or even primarily linked to R&D raises questions about the targeting of incentives. 135 See Hansson & Brokelind, note 1, at 172 ("[E]conomists in general believe that providing tax incentives is a less effective means of attracting investment than lowering the general tax rate."); Martin A. Sullivan, Will International Tax Reform Slow U.S. Technology Development?, 141 Tax Notes 459, 463 (Nov. 4, 2013) ("Congress should not rule out eliminating or scaling back research incentives, especially when it has an attractive and undoubtedly beneficial alternative use of those funds: lowering the statutory corporate rate."); see also Joint Committee, note 70, at 19 ("The basic economic rationale [for a research tax credit] argues that a subsidy to reduce the cost of research should be equally applied across all sectors."); Rashkin, note 1, at 1061 (questioning whether companies respond to R&D incentives and arguing that "companies do R&D because they have to create products to compete regardless of whether there is a tax incentive").
A justification often given for R&D incentives is that under-investment in R&D results from an inability to obtain external financing. 136 The level of risk, the lack of hard assets for collateral, the timing of positive cash flow returns, and the asymmetry of information between lender and borrower all make it difficult to obtain debt financing. R&D subsidies are said to mitigate this reason for under-investment in R&D. 137 Ironically, however, it is a common feature of business income tax incentives that most of the benefit goes to the largest and most profitable taxpayers who least need assistance. That is true for the R&D tax credit as well. 138 This may be justified on the ground that these taxpayers have demonstrated their efficiency and success, but it raises a question regarding the extent to which a scarcity of financing causes under-investment in private R&D among different categories of taxpayers. In particular, the financing problem will differ materially for creditworthy versus credit-constrained taxpayers and the latter will tend to be smaller and newer than the former.
Large taxpayers have multiple advantages in undertaking development R&D that are not available to small-and medium-sized businesses and individual entrepreneurs. Large businesses can afford to diversify the risk through engaging in multiple projects and the knowledge from successful projects may be diffused more efficiently within a single enterprise. Large businesses have access to lower-cost financing in capital markets that would not be accessible by small-or medium-sized enterprises and entrepreneurs. 139 In addition, a large business is more likely to have resources to devote to registering and protecting IP rights and bearing the other transactions costs that preserve and enhance returns to R&D. If profitable, larger businesses can fully utilize input tax incentives, through either expensing R&D or taking the R&D credit. Large multinational businesses are able to use various tax planning strategies to take advantage of cross-border income shifting to increase their after-tax return. This planning will not end as a result of the OECD's Base Erosion and Profit Shifting (BEPS) project, 140 targets some of the income-shifting strategies available to multinationals to increase their after-tax returns. The various BEPS proposals would not appear to affect the planning used by Microsoft to shift income into Puerto Rico. 141 Small-and medium-sized businesses and entrepreneurs generally will not have the same resources, including access to financing, to achieve diversification and to expend on IP administration and protection. In many cases, they also will be enterprises with solely or primarily domestic operations that do not have the same cross-border tax savings opportunities. Some countries, however, have specifically directed R&D tax benefits to these smaller businesses and entrepreneurs or have provided more generous benefits to those types of taxpayers. 142 A final incongruity is that the benefit of the R&D credit goes disproportionately to the manufacturing sector (64% in 2011) and far less to services. 143 It is not clear why tax policy should favor this sector over others, particularly if the credit is not well-targeted to address a market inefficiency. If the credit were retained and more properly targeted, it might be possible to simplify the credit and make it available more easily.
In summary, the benefits of R&D tax incentives tend to be concentrated among taxpayers who least need assistance.
Location of R&D
If tax incentives are going to be granted for private R&D, should it matter where development R&D is performed? There is literature supporting the view that R&D spillovers are greatest in proximity to where R&D is performed. 144 Evidence of the effect of tax incentives on the location of R&D, however, is limited. 145 In the analogous context of depreciation, accelerated depreciation is not allowed with respect to assets used outside the United States. 146 As described above, the R&D tax credit is limited to R&D performed [Vol. 69: in the United States. 147 It would seem a straightforward policy response, at a minimum, also to deny § 174 expensing to foreign-performed R&D and require that R&D performed outside the United States be capitalized (if R&D is not capitalized generally, as discussed below). 148 
Interaction of IP Protections with Tax Benefits
Finally, there is an issue whether tax incentives should be allowed for R&D that later benefits from patent, trade secret, copyright, or similar market-enhancing legal protection. These nontax property rights allow the owner of the right to exclude use by another. While patent applications are public, other IP rights, such as trade secrets, allow an owner to prevent disclosure of the knowledge embedded in the IP and, in some states, may be a basis for employee and contractor noncompetition agreements. 149 Joseph Stiglitz points out that IP rights have the effect of reducing the knowledge pool available to innovators, which may have a negative effect on R&D investment and the level of innovation. 150 It is an important question whether the private benefits obtained from IP rights should serve as a basis for recouping a prior tax subsidy for R&D activity that led to those rights. 151 If so, there could be a mechanism for recapture of R&D tax expenditure benefits if the R&D is successful and results in ownership of IP rights. 152 Alternatively, the grant of the tax incentive could be subject to an ex ante condition that the benefitted IP be subject to disclosure.
As the preceding discussion shows, an objective examination of the need for, and effectiveness of, R&D tax incentives in the context of the overall IP ecosystem is overdue.
C. Are Tax R&D Subsidies Effective?
A leading, though now older, study by Bronwyn Hall and John Van Reenen of the effectiveness of R&D tax incentives observes that ideally the analyst would measure the social return to R&D spending at the margin in relation to the marginal benefit of alternative uses of tax dollars (for example, for deficit reduction, for human capital investment such as in education, or for lower tax rates). 153 This has proven too difficult and, instead, most studies attempt to compare the incremental private R&D expenditure with the revenue cost of the incentive. 154 This Hall and Van Reenen study suggests that given the present inability to disaggregate R&D into components that make strong contributions to economic growth and components that make lesser contributions to such growth, and into components that are highly responsive to incentives and those that are less so, it is not feasible to evaluate the social benefit of R&D, its actual effect on economic growth (supposedly the underlying reason for favoring R&D investment), or the marginal effectiveness of the incentives. As summarized by Michael Graetz and Rachael Doud, "the economic literature suggests that R&D tax incentives may increase the amount of R&D and number of R&D employees but their cost effectiveness is less certain than their advocates claim." 155 This may be a generous reading of the efficacy of R&D tax incentives.
In the United States, dueling studies from the left and right political perspectives find some common ground in supporting R&D tax incentives, 156 but we actually have little reliable information on the welfare effects of current R&D tax incentives. Consistent with our work on other tax expenditure issues, 157 we would argue that the burden should be on the advocates of R&D tax incentives to show that the recommended tax expenditure achieves its goals on a cost-effective basis such that the marginal social welfare benefit exceeds the opportunity cost of an alternative use of public revenue.
D. Patent Boxes and Inter-Nation Tax Competition
Patent Boxes and BEPS Action 5
A patent box or innovation box generally refers to a regime in which income attributed under some metric to a patent or similar property, or a related category of income, is taxed at a lower explicit rate or at a lower effective rate through allowance of a special deduction in relation to the income. 158 Many European countries have adopted some form of patent box. 159 The European Commission became concerned about patent boxes under European Union Code of Conduct rules and the OECD took up the issue as an example of potentially harmful tax competition. 160 In both cases, countries have agreed that a condition for continued allowance of such regimes was that certain nexus requirements be satisfied. 161 
Boustany-Neal Innovation Box Proposal
In the United States, Representatives Charles Boustany and Richard Neal published a discussion draft of an innovation box proposal, the Innovation Promotion Act of 2015 (IPA 2015). 162 IPA 2015 would allow a deduction equal to 71% of the lesser of innovation box profit or taxable income (determined without the IPA deduction) for the tax year. 163 Innovation box profits would start with "qualified gross receipts," which are those derived from "qualified property." "Qualified property" would be defined to mean any patent, invention, formula, process, design, pattern, or know-how, as well as any product made using those items; motion picture film or video; and computer software. 164 The qualified gross receipts would be reduced by properly allocable expenses. 165 To determine the qualifying profit, the tentative profit would be multiplied by the ratio of five-year R&D expenditures performed in the United States to five-year total costs of the taxpayer (exclusive of cost of goods sold, interest, and taxes). 166 The proposal would in effect be consistent with the BEPS Action 5 167 nexus requirements because the benefit effectively would be measured by R&D performed by the taxpayer in the United States. In an effort to attract R&D back to the United States, IPA 2015 would allow a tax-free distribution by a CFC of intangible property if certain conditions are satisfied. 168 The proposal has been criticized, in part on the ground that the ratio used penalizes businesses that have high below-the-line expenses, such as selling, and general and administrative expenses, including marketing expenses. 169 In addition, the rate reduction is characterized as "hardly newsworthy." 170 Our criticisms come from a different perspective. As observed by others, the proposal would be less effective at inducing new R&D than an input incentive, and would be a windfall for pre-existing R&D. 171 The proposal's design would not actually target returns to R&D, except on a formulary basis, and would not provide benefits to failed R&D or R&D that is not commercialized, which, as discussed above, may also create positive spillovers. 172 For these reasons, we conclude that the proposed innovation box is a poorly targeted rate reduction that should not be enacted into law.
IV. A FRAMEWORK FOR R&D TAX EXPENDITURE ANALYSIS
A. Elements of a Framework for R&D Tax Incentives
In our view, tax expenditures with the greatest potential for revenue savings through their elimination and the least connection to their asserted objectives should be given a higher priority for review. In examining tax expenditures, it is important to apply the same analytical scrutiny and principles to "sacred cow" tax expenditures, including the R&D tax expenditures, as well as to more controversial ones.
Consistent with our prior work examining other tax expenditures, several elements should be a part of a nuanced framework for examining R&D tax incentives, including the following:
• Is the provision a tax expenditure? 173 • Does the subsidy address a market failure and does it target effectively the market failure? 174 • Is the provision cost effective in achieving its target?
• Are there direct expenditure or regulatory alternatives to tax incentives that would be more effective in achieving the target? • Would design changes improve the cost effectiveness of the tax incentive?
Our reading of the R&D literature is that there is uncertain empirical support for a conclusion that R&D incentives for private sector development R&D are cost effective in the sense of increasing social welfare and economic growth when compared with alternative public uses of funds. If this reading is correct, and even if it is not, but it becomes fiscally necessary to reduce R&D tax incentives, our proposed framework for analysis readily points to a number of proposals for further investigation and analysis.
B. Proposals for Further Analysis
Our tentative conclusion is that R&D tax incentives are not well targeted, in large part because we lack a clear understanding of the extent to which private R&D would not be conducted absent government intervention produces welfare benefits. We do not know and are not likely to be able to estimate with accuracy the size of the differential between the private and social benefits from private R&D invest- 173 David Hasen has suggested to us that use of the tax expenditure concept here may be considered a proxy for a market distorting provision. 174 See Willem Bongaerts & Ivo IJzerman, The Secrets to Success of the Dutch Innovation Box, 82 Tax Notes Int'l 479 (2016) (summarizing a Dutch government report finding that 1 Euro of revenue lost by the Dutch patent box yields 0.54 Euros of R&D expenditure). ment and whether the social benefits from intervention would exceed the welfare costs. In this circumstance, we do not believe that the case for R&D tax expenditures has been adequately proven.
Accordingly, we believe that an objective analysis of alternatives is overdue. We are particularly skeptical of open-ended tax benefits for private R&D. We believe that resources should be directed to basic R&D, which may be more effectively directed through and performed by government, university, and other nonprofit research entities, and that outcomes should be made public and not appropriated for private gain. We favor an instrument, such as a government grant process using external blind peer reviews of proposals, to allocate resources rather than a tax incentive. Accordingly, we would first pursue analysis of the effects of the Group 1 proposals below.
If it is politically necessary to continue to use tax incentives to encourage innovation or there is strong empirical support for using such incentives, we would rely on input incentives only. Moreover, we would favor adoption of the Group 2 proposals below to constrain costs and better target incentives to R&D likely to enhance U.S. welfare.
Group 1 -Alternatives to R&D Tax Incentives
• Repeal R&D tax incentives • Shift revenue savings to direct expenditures for peer-reviewed R&D proposals oriented toward basic R&D and risky development R&D
Group 2 -Capitalization
• Capitalize (that is, deny the § 174 deduction for) all R&D (as in the Baucus and Camp tax reform proposals, 175 including foreign R&D) • Eliminate the § 59(e) ten-year capitalization rule • Use credits instead of deductions for incentive purposes and consider credit refundability for new (that is, less than 5 years old) small-and medium-sized businesses • Restrict scope of R&D tax incentives (that is, tax expenditures) to NSF or Frascati definitions of experimental R&D. [Vol. 69:
• Restrict R&D tax incentives to domestic-performed R&D.
V. CONCLUSIONS
The United States should develop its tax and nontax R&D and innovation strategies on an integrated basis. Tax law incentives should be re-examined without preconceptions (along with reforms to IP law) to reduce costs and inefficiencies. Moreover, support should be given to developing metrics for evaluating the comparative impact of R&D tax incentives and direct R&D expenditures. Irrespective of one's views regarding the size and role of government, government interventions through tax incentives and regulatory action should receive the same scrutiny as direct government expenditures.
Our analysis suggests that applying a simple and straightforward framework that employs traditional tax policy analysis leads to a conclusion that reforms to existing R&D tax incentives would increase their efficiency and effectiveness. The proposals described in the preceding Part merit serious analysis and consideration.
